We establish a framework which allows one to construct novel schemes for measurement-based quantum computation. The technique further develops tools from many-body physics -based on finitely correlated or projected entangled pair states -to go beyond the cluster-state based one-way computer. We identify resource states that are radically different from the cluster state, in that they exhibit non-vanishing correlation functions, can partly be prepared using gates with non-maximal entangling power, or have very different local entanglement properties. In the computational models, the randomness is compensated in a different manner. It is shown that there exist resource states which are locally arbitrarily close to a pure state. Finally, we comment on the possibility of tailoring computational models to specific physical systems as, e.g. cold atoms in optical lattices. Multi-particle quantum states can form resources for quantum computing.
Novel measurement-based models for quantum computing?
Motivating questions:
-Can one systematically find models for measurementbased quantum computing in quantum lattice systems. E.g. ground states or states appearing as a result of cold collisions of atoms in optical lattices.
-What are the properties that distinguish computationally universal resource states?
-Simulating time evolution of a quantum lattice system is computationally difficult: So what is in turn the computational potency of quantum lattice systems?
Multi-particle quantum states can form resources for quantum computing.
Universal quantum computation is possible by -first preparing a certain multi-partite entangled entangled resource called a cluster state in a lattice -followed by a sequence of local measurements on each site.
Idea of a measurement-based one-way computer has attracted considerable attention in recent years.
Interestingly -and surprisingly -little progress has been made when it comes to going beyond that original framework:
To our knowledge, no computational model distinct from the QC C has been developed, which would be based on local measurements on an algorithm-independent qubit resource state.
Hence: Can we find an approach to construct alternative schemes for measurement-based quantum computation?
-Tailor resource states to specific physical systems such as atoms in optical lattices or purely optical experiments?
-Relevant problem to many-body physics, where the question of classical simulatability -complementary to universality -is addressed.
Singular properties
Cluster states are locally completely mixed.
Separated regions of cluster states are uncorrelated.
Cluster states can be prepared sequentially by commuting two-qubit gates.
Cluster states have a maximal localizable entanglement.
However: "Typical" many-body states exhibit none of these properties.
Are all these singular properties necessary for computationally universal states?
Tensor networks
Matrix product states (basis of DMRG): State specified by
-two vectors |L , |R representing boundary conditions.
Chain of length n:
Tensor networks (continued)
Overlap of matrix product state with general local |φ :
Re-interpret as computation in logical correlation space:
Hence: the matrices defining an MPS can be understood as operators performing a quantum computation in a logical Ddimensional space.
Intuitively, "quantum correlations" are the source of a resource's computational potency. The strength of this framework lies in the fact that it assigns a concrete mathematical object to these correlations.
Generalize to 2-D lattices: cast into form of tensor network
Novel resource states for quantum computing
Three resources which allow for universal measurement-based quantum computing. Figures (a) 
Novel computational models
Previous generalizations often aimed to reduce a resource to the original cluster state.
We identify independent schemes, with genuinely different theoretical features.
For example:
-Different sets by-products operators, which assign no distinguished role to the Pauli group. -A "trial-until-success"-approach to the measurement's inherent randomness. -Strategies to cope with long-range correlations.
-Ideas of "rerouting" of quantum information.
Long-range correlations
Current state of knowledge: measurement-based computation had been demonstrated only for states -which can be sequentially constructed by commuting gates; -hence have vanishing two-point correlation functions.
The assumption greatly simplifies analysis. But: too restrictive if one thinks of natural ground-state properties.
Result: Quantum computation possible in the presence of non-vanishing two-point correlations:
for arbitrary correlation lengths.
E.g. resources based on the AKLT-model: a nearest-neighbor, spin-1, non-degenerate gapped Hamiltonian, well-known in condensed matter theory (see (c) in the figure).
Hardly entangled resources for universal computing
Entanglement is the resource for measurement-based computations. How far can the local entanglement properties of the cluster state be relaxed, retaining universality?
State of knowledge: deterministic measurement-based computing has been demonstrated only for states -where each site is maximally entangled with the rest of the lattice, -where the localizable entanglement is maximal, -which majorize the cluster state (i.e. are at least as strongly entangled).
Result: We present resources -which are locally arbitrarily close to a pure state, -where the localizable entanglement is arbitrarily close to zero, -where not even a Bell pair can be distilled out of the resource using local projective measurements.
Note: we do not require the resources to be able to prepare any output state. For a different approach see [9] .
Outlook:
In terms of our framework, a plethora of resource states can be constructed [*,13]. There seems to be much more freedom than what was previously assumed. One can think of choosing resource states according to experimental necessities.
